Extracts of Hibiscus sabdariffa calyces have been shown to have various medicinal properties, some of which have been reported to be due to anthocyanins present in the calyces. To study whether these claims are valid, it is necessary to produce an extract with a high anthocyanin content and to have available a method to identify and quantify the individual compounds in the product. A method of extraction and purification has been developed based on a polyamide column chromatographic purification step. Using this method, anthocyanin concentrates were produced containing from 57 to 64% of delphinidin-3sambubioside plus cyanidin-3-sambubioside. A rapid, efficient and validated HPLC analytical method was developed and used for the analysis of the anthocyanin concentrate.
Hibiscus sabdariffa L. (family Malvaceae) is commonly known in English as roselle, rosella and red sorrel, and in Arabic as karkadeh. Aqueous extracts of the red calyces of the flower are drunk both hot and cold as beverages, but they are also used in folk medicine against many illnesses. The phytochemical, pharmacological and toxicological aspects of H. sabdariffa were reviewed by Ali et al. in 2005 [1] . Since then, other beneficial effects resulting from the use of the calyx extract have been reported [2, and references quoted therein] .
The red color of the calyces is due to the presence of anthocyanins and these compounds have been linked to many of the reported medicinal properties [for example, 2, 3a-e]. The anthocyanins found in H. sabdariffa have been shown to vary in different collections. The compounds reported include delphinidinpentoside-glucoside [4a] , delphinidin [4b,d] , delphinidin-3-sambubioside [4c,d,e,h], delphinidin-3-monoglucoside [4d,e], cyanidin [4b], cyanidin-3monoglucoside [4d,e], and cyanidin-3-sambubioside [4e,h] . In H. sabdariffa var. altissima, the anthocyanins reported were cyanidin-3,5-diglucoside and cyanidin-3-glucosylrutinoside [4f]. In the calyces of five strains of H. sabdariffa var. sabdariffa, cyanidin-3sambubioside was the major pigment, followed by cyanidin-3monoglucoside. Delphinidin glycosides were not detected in one strain, but were present in the other four. During calyx growth, the anthocyanin content reached 1.7% to 2.5% of the dry weight in all strains [4g].
We have been studying the biological effects of aqueous extracts of H. sabdariffa calyces and trying to determine whether these are due, at least in part, to the anthocyanins present in the extract. For this, it has been necessary to purify the extracts to obtain products with a high content of anthocyanins. An analytical procedure to determine the compounds present and their contents was also necessary. Here we report the development of the isolation and preparation of a high anthocyanin containing product from the calyces of H. sabdariffa and an analytical procedure to identify and quantify the compounds present.
The plant material used was from the same batch as that used in an earlier study. The major anthocyanins were delphinidin-3sambubioside and cyanidin-3-sambubioside, although these were accompanied by much smaller quantities of other delphinidin and cyanidin glycosides, as well as rutin and chlorogenic acid [4h] .
For extraction of the anthocyanins, water was found to be a less suitable solvent than ethanol, because the calyces of H. sabdariffa contain mucilage and pectins [5a,b] ; these substances increase the solution viscosity and significantly complicate filtration. The ethanolic extract of the calyces was evaporated to dryness and the residue dissolved in water. This aqueous solution was then purified by passage through a column of polyamide resin. This process was chosen so that the final mixture would contain a minimum of cyanidin, delphinidin and their monoglucosides, as these were eluted from the column easily and relatively quickly with water. Both delphinidin-and cyanidin-3-sambubiosides were subsequently eluted by 95% ethanol. After evaporation of the eluate, the residue was re-dissolved in 95% ethanol and the solution mixed with diethyl ether. The resulting precipitate, after removal by filtration and drying was powdered to provide the final product. (1) 2017 Opletal et al. *all data were calculated on dry weight of anthocyanin mixture; every analysis was repeated three times. **three separate samples from each anthocyanin mixture were weighed and each sample was analyzed twice (total 6 analyses of each anthocyanin mixture).
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A rapid and efficient HPLC method for separation and analysis of the individual components of the anthocyanin concentrate was developed. All the major components were well separated. The predominant compounds, as before, were delphinidin-3sambubioside and cyanidin-3-sambubioside, along with small quantities of rutin and chlorogenic acid [4h] ( Table 1) .
Polyamide is an optimal adsorbent for the separation of watersoluble phenolic and non-phenolic compounds. It was used earlier to separate the high concentration of aliphatic carboxylic acids in the calyxes of H. sabdariffa [5c,d] . However, in our work, total removal of these acids did not seem to be effective and during an attempt to increase further the anthocyanin content of the concentrated extract by repeating the column chromatographic purification step, decomposition products were produced resulting in a grey-blue color indicating the negative impact of higher pH. The resulting slightly yellow, viscous solution was poured into a 5 L beaker and allowed to cool for several hours. The polyamide precipitated as a waxy white suspension. Water (400-500 mL) was added to the suspension, which was well stirred, then filtered on a Büchner funnel, and washed with water. The sediment on the filter was suspended in 2 L of water and alkalized carefully by the addition of 5M NH 4 OH (pH 8). After 30 min the suspension was poured into a chromatographic column and washed with distilled water until the eluate was neutral. The adsorbent was then suspended in 95% ethanol, filtered on a Büchner funnel and the insoluble material dried at room temperature, until the moisture content was 25%. The mass was then passed through a sieve (630 µm) and the material dried again at 60°C to a moisture content of 15%. Final screening was through vibration sieves of 200 µm and 500 µm. For separation of anthocyanins the 200-500 µm fraction was used.
Column preparation:
A chromatographic column (average : height 19 : 20 cm) was filled to one third of its volume with water and then, portion-wise, a thick slurry of 600 g of pulverized polyamide (200-500 µm), prepared as above, was slowly added to the column (the adsorbent must be suspended for at least 15 min in the water before pouring).
The column was easily regenerated by washing with boiled water (7 L) at room temperature (air-free). The regenerated column can be used maximally 4 times without change in separation characteristics.
Preparation of anthocyanins concentrate:
Milled calyxes (300 g) were added to 2.5 L of boiling 95% ethanol, and the mixture heated, while stirring, for 15 min under reflux. The extract was then decanted and the residue extracted in the same way two more times.
The combined extracts were filtered and the filtrate evaporated to dryness. The residue was dissolved in 1 L of water (60°C), with brief sonication, and, after cooling, filtered through a Büchner funnel (filter paper Macherey Nagel MN 640D); the volume of filtrate was made up to 1.5 L. This red solution was filtered through a polyamide column (elution 26-30 mL/min), which was then washed with 6-7 L of water. Then the anthocyanin sambubiosides were eluted by 6-7 L of 95% ethanol.
The red-violet eluate, after evaporation (10-11 g), was dissolved in 100 mL of 95% ethanol and mixed with 750 mL diethyl ether. The precipitate formed was removed by filtration after 15 min, and after a short period of air-drying was dried in a vacuum desiccator (0.7 kPa, 12 h) over silica gel and then powdered (6-7.6 g). with a built-in UV-VIS detector. A Supelco Discovery HS C18 column (250 x 4.6 mm, 5 µm) was used for the analysis of the extract. Isocratic elution continued for 9 min with a mobile phase composed of 10% acetonitrile (ACN) and 90% formic acid (2%); thereafter isocratic elution was changed to gradient mode and the concentration increased within 8 min to 60% ACN followed by a 7 min equilibration to the initial conditions. The mobile phase flow rate was 1 mL/min. The detection was set at 520 nm for anthocyanins and 371 nm for chlorogenic acid and rutin.
Preparation of standard solution:
A standard solution was prepared by dissolving 0.5 mg of delphinidin-3-sambubioside chloride (Extrasynthese, Genay, France), 0.5 mg of cyanidin-3sambubioside chloride (Extrasynthese, Genay, France), 0.15 mg of chlorogenic acid (Sigma-Aldrich/Merck, Czech division, Prague) and 0.4 mg of rutin trihydrate (Sigma-Aldrich/Merck, Czech division, Prague) in 10 mL of methanol.
Sample preparation:
The anthocyanin concentrate (0.5 mg) was dissolved in 1 mL of methanol and filtered through a 0.45 μm PTFE filter into an amber vial prior to analysis by HPLC.
Method validation:
Method validation was performed to demonstrate the suitability of the chosen method for its intended use. The validation included a system suitability test (SST) and the determination of method precision, accuracy and linearity. The standard solution was injected 6 times to calculate the SST parameters. Relative standard deviations (% RSD) of retention times and area, tailing factor, number of theoretical plates (peak capacity for rutin analyzed in a gradient mode), and resolution, were calculated.
The standard calibration curves were evaluated using 6 calibration levels. Correlation coefficients were > 0.999 for all analytes. The precision was verified on H. sabdariffa anthocyanin concentrate. The sample was prepared 6 times and analyzed using HPLC. Relative standard deviations (% RSD) of areas obtained by the recalculation to the same sample amount were evaluated. The accuracy (% of recovery, % of RSD) was verified using standard additions procedure with samples spiked with a reference standard Method validation results are depicted in Table 2 .
